In the preceding communication we have dealt with various pheuomena of complement-splitting in which the globulin fraction of the :serum was precipitated and subsequently separated from the albumin fraction. In all these processes, according to current conceptions, the globulin fractions contained the mid-piece of complement, and the albumin fractions, the end-piece. Yet, as has already been pointed out, the so-called end-piece of the albumin portion depends in no way upon the introduction of the mid-piece in order to regain its original complement property, but can be reactivated by any reagent carrying the ions opposite in sign to those keeping the active atom-complex of complement temporarily inactive. The 'precipitation of the globulin fraction, therefore, was not essential in splitting the complement, but was merely an associated phenomenon. The ,correctness of the above deduction will be established by the experiments recorded in the following pages.
The so-called splitting of complement may be effected by certair/ procedures without causing the separation of the globulin fraction of complement. In one of these procedures, distilled water in certain proportions is used, and in another serum is treated with phosphates. The inactivation of complement by distilled water is doubtless due to the action upon the complement of dissociated ions of ,electrolytes contained in the serum, and the inactivation by a mix-* Received for publication, April I, 1912 . 625
ture of acid and alkaline phosphates (the acid being in excess) seems similar to the action of any other acid, but the presence of an alkaline phosphate modifies the reaction of the medium in such a manner that the globulin is kept in solution.
Although the phenomena of splitting complement as brought about by these chemical or physical interferences appear to be similar in mechanism to those effected by complement fixation, the complex biological reactions of the latter are difficult to analyze, and will be left for future study.
Under separate headings, we shall give the results of the other ways of splitting complement.
COMPLEMENT-SPLITTING YVITH WATER.
Complement, as long as it is handled with an isotonic solution of sodium chlorid, retains its activity on dilution. On the other hand; complement rapidly loses its activity if it is diluted to a certain extent with an isotonic sugar (saccharose) solution, as was first pointed out by Sachs and Teruuchi." Thus these authors found that complement becomes completely inactive within one hour when diluted ten times with an isotonic sugar solution. The inactivation was considered by them to be due to a ferment which in a sodium chlorid-free medium manifests its activity upon complement)
The above phenomenon appears, however, to be caused by some other factors than a ferment. In the case of inactivation by means of distilled water we must consider first what occurs if a solution containing two different salts of varying dissociabilities are diluted ten or more times with water. In the original concentration, the stronger electrolyte hinders the dissociation of the weaker, but when sufficiently diluted the dominating salt permits the weaker electrolyte to dissociate more fully. Sodium chlorid is a much stronger electrolyte than NaHCO8 or Na2CO ~ and it doubtless interferes with the free dissociation of the latter salts in the concentration present in serum; but when diluted ten times, its concentration no longer hinders the free dissociation of the carbonates. Thus, it becomes evident that the complement which may remain unaffected 1Bronfenbrenner, J., and Noguchi, H., Jour. E~per. Med., 1912, xv, 598 (tables XIV and XV, A) .
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by the carbonates in the presence of sodium chlorid in the original concentration will be exposed to the action of the latter as soon as. the sodium chlorid concentration is much less, and this is exactly what happens when serum is diluted with water. This, of course,. will not occur as long as a sufficient amount of the chlorid is contained in the diluent (table I) . That the change in the tonicity of the mixture (serum and diluent) has nothing to do with the loss of complement activity is shown by the fact that the use of an isotonic solution of a non-electrolyte, such as cane sugar, does not prevent_ the inactivation of complement.
We shall next see if the inactivation of complement by dilution with water or cane sugar solution is really an alkali inactivation. That this is the case is shown by the fact that an acid and also a few amphoteric substances may reactivate the inactive complement, s'- 
COMPLEMENT-SPLITTING BY MEANS OF PHOSPHATES.
Michaelis and Skwirsky described a method by which complement can be split into end-and mid-pieces. In this method one cubic centimeter of complement (I:lO) is mixed with two cubic centimeters of mixture A-B, which consists of sixteen parts of M/7 NaH2P04 (solution A) and one part of M/7 Na=HPO4 (solutior~ B), and to this are added one cubic centimeter of amboceptor (fifty Bronfenbrenner, J., and Noguchl, H., loc. cit., tables XIV and XV.
g z~ z~ z~ e units) and one cubic centimeter of 5 per cent. sheep corpuscles. After incubation for one hour at 37 ° C. the mixture is centrifugalized and the supernatant fluid is separated from the deposited corpuscles. To the supernatant fluid, two cubic centimeters of solution B are added and the whole is called the end-piece. The corpuscles are suspended in salt solution and are used as p~sensitized corpuscles (sensitized and carrying the mid-piece of complement). When the persensitized corpuscles are mixed with the end-piece they undergo hemolysis, while the sensitized corpuscles are not acted upon by the end-piece. The above phenomenon is probably explained by the fact that complement is highly sensitive to the action of various acids, alkalis, and salts, and undergoes a reversible inactivation. It is not at all improbable, therefore, that the mixture of solutions A and B, which is strongly acid to phenolphthalein, renders the complement inactive, while the persensitization goes on without hinderance in the same medium. The acidity of the supernatant fluid is, in this instance, to a certain degree reduced by the later addition of solution B so that the inactivated complement, which is near the border of fever- sion, regains its activity whenever an adequate quantity of certain alkali (table IV) or amphoteric compounds is introduced (table V) . From the foregoing experiments it will be seen that the inactivated complement is to be found in the supernatant fluid in a reversible state. The reversion is accomplished by relieving the complement of the acid reaction by any suitable substance. The reason that the, corpuscles digested in the Michaelis-Skwirsky mixture are capable of reversing the inactivated complement may be due to the absorption of a certain amount of serum constituents (probably the globulin fraction), also the absorption of the alkaline phosphate by certain constituents of the cells. It api~ears from the following experiments that the presence of amboceptor has a certain influence in enabling the corpuscles to absorb them, because without the amboceptor the persensitization is seen to be less complete (table VI) .
That the end-piece of complement as obtained by the method of Michaelis and Skwirsky is in a general way similar to those obtained by other processes is well shown in the following experiments. It is most striking that alanin plays beautifully the r61e of the midpiece with all end-pieces here studied (table VII, C).
, The complement was incubated with the phosphates at 37 ° C. for 30 minutes, then alkali and acid, respectively, were added and the whole was reincubated for 30 minutes. Much more complicated is the phenomenon first described by Skwirsky, who found that the supernatant fluid of the mixture containing a positive syphilitic serum, syphilitic antigen, complement, sheep's corpuscles, and antisheep amboceptor, has the power to cause hemolysis upon a fresh lot of sheep corpuscles when the latter are previously persensitized. By the term of persen~itization is meant the digestion of washed sheep corpuscles in a mixture of sixteen Result of the hemolytic test, 
Action of Mixgure A-B upon the Substances Concerned in the Wassermann
Reaction. • In this series, corpuscles were digested with amboceptor and mixture A-B for 3o rain.
at 37 ° C., and then to each tube I. 5 c.c. of the above mixture of complement, antigen, syphilitic serum, and NaCI were added. The amounts of substances used were the same as above. parts of M/7 solution of NaH2PO , and one part of M/7 solution of Na2HPO4, to which a definite amount of complement and a large quantity of antisheep amboceptor have also been added (table IX, 2). The corpuscles digested in this mixture are hemolyzable by the supernatant fluid separated from a positive fixation test. The ordinary corpuscles with or without amboceptor are not hemolyzed by the supernatant fluid. Thus, this phenomenon was explained by them as being due to the presence of the end-piece of the complement in the supernatan.t fluid which, by virtue of the absorption of the mid-piece of complement by the sensitized corpuscles in the digestion procedure, becomes active upon the latter. This phenomenon was confirmed by various investigators and we have also obtained a similar result (table IX) .
Curiously enough, however, this apparent splitting of complement during the fixation by the Wassermann or Bordet-Gengou reaction does not take place when the antihuman hemolytic system is used (table X) .
It is also interesting to note that the supernatant fluid of the Wassermann reaction which is quite active for the persensitized sheep corpuscles is almost inactive upon fresh sheep corpuscles when varying amounts of the mixture of solution A-B and fifty units of amboceptor are added (table XI, B). Apparently the addition of the A-B mixture and amboceptor alone is not sufficient to make the Wassermann supernatant fluid active. On the other hand, when the mixture A-B is allowed to act previously upon the sheep corpuscles with fifty units of antisheep amboceptor, the Wassermann supernatant fluid shows a certain amount of hemolytic effect. Here it seems as if the A-B mixture had so altered the corpuscles that they became to a certain extent hemolyzable by the Wassermann supernatant fluid (table XI) .
It was also found that the persensitization of sheep corpuscles takes place in a hypertonic sodium chlorid or sugar solution, as indicated in the following experiments (table XII). At the same time it is interesting to notice that the Wassermann supernatant fluid is inactive upon the corpuscles persensitized when the medium is hypertonic.
The heating of the Wassermann supernatant fluid to 5 6o C. for From the fact that the sheep corpuscles separated from a positive Wassermann or Bordet-Gengou fixation test remain sensitized, but not persensitized, it is evident that the mid-piece in this instance interacts with the mixture of syphilitic serum and lipoids or antibody and antigen, thus becoming incapable of persensitizing the sensitized corpuscles. Just what kind of interaction has taken place is at present undetermined, but one point is certain and that is that the mid-piece is completely used up.
In this respect we may cite here an interesting phenomenon already observed by Noguchi and Bronfenbrenner (I9IO) : namely, the interference exerted by certain amphoteric substances (egg-white, inactivated sera, etc.) upon the fixation phenomenon. Apparently the fixing molecules of the antibody-antigen combination are saturated by these substances which in this respect resemble the midpiece.
Thus far, most investigators have made but little distinction between the splitting phenomenon obtained by chemical interference and that which takes place in the biological phenomenon known as complement fixation. In this study we have shown that these two sets of phenomena have certain fundamental differences and that the so-called complement-splitting by physical conditions leading to chemical interaction, or directly by chemical means, is not a real splitting of the complement, but an inactivation of the active principle of complement through an alteration in the reaction of the medium caused by an excess of either anions or kations. The modification of the reaction of the medium may cause a more or less definite combination of the complement with the free ions, but the latter can readily be removed by an appropriate number of opposite ions, and render the complement active once more. The fluids that have hitherto been regarded as containing the end-piece of complement, as a matter of fact, contain the whole complement temporarily deprived of its activity by certain ions derived either from the salt constituents of the serum itself under a modified physical conditior~ (dialysis against water or dilution with water) or introduced in the form of dissociable electrolytes.
On the other hand, the splitting of complement in the fixation reaction seems far more complicated than that caused by the physical or chemical procedures. The supernatant fluid from the fixation test differs from all the other end-pieces prepared by chemical methods in being active upon persensitized sheep corpuscles only (not upon human corpuscles). The addition of various mid-pieces obtained by different methods to sensitized sheep corpuscles does not render the Wassermann supernatant fluid active (table xIII).
It is quite remarkable that the persensitized sheep corpuscles are, on the other hand, easily attacked, not only by the supernatant fluids of fixation tests, but also equally well by the other end-pieces. It is not at all improbable that in the fixation reaction, where so many factors come into play, there is a most complicated physical as welt as chemical interaction leading to such an entangled mixture of factors that a substance carrying one set of ions alone cannot reverse. the activity of complement, and hence the reversion takes place only when certain electrolytes with both ions are employed. .At all events there seems to be no doubt that the inactivation of complement is far more complicated in the Wassermann reaction or the Bordet-Gengou phenomenon than in the inactivation by physical or chemical means. Nevertheless, no one has as yet proved conclusively that the supernatant fluid of a fixation test necessarily contains the end-piece of complement.
